This experiment evaluated effects following chronic toxicity with 20 ppm fenvalerate (synthetic pyrethroid), 2 ppm monocrotophos (organophosphate) and 2 ppm endosulfan (chlorinated hydrocarbon) on bone health of broiler chicks. A total of 120 chicks were divided equally into 4 groups and were fed poultry mash without (control) or mixed with different pesticides for 8 weeks. Body mass, serum calcium and phosphorus levels were unaffected due to pesticides treatment. However, an increase ( p < 0.01) in serum alkaline phosphatase activity was noted and serum total protein decreased ( p < 0.01) in all treated groups. Roentogenography revealed destructive changes in the upper part of the femur in the monocrotophos group. Endosulfan intoxicated chicks had increased numbers of trabeculae in the medullary cavity. Microscopic alterations of the costochondral junction in intoxicated chicks were similar. The zones of proliferating, maturing and degenerating, and calcifying cartilage cells were reduced in width and the metaphysis in treated birds showed a reduced number of cartilage cells and thinner trabeculae. Due to toxicity, the capillary scaffolding of the degenerating cartilage cells was reduced and a larger number of transverse trabeculae could be seen in the metaphysis. Appositional bone growth studied by the tetracyclicline labeling technique indicated decreased active osteons.
INTRODUCTION
Pesticides are major contaminants of our environment and many persist in the environment including in various feeds and foodstuffs. Global pesticide use is increasing, particularly in third world countries. India uses approximately 85,000 tons of pesticides per annum and an 8% increase in pesticide use is expected every year. Currently 400 members of three groups of pesticides (organochlorates, organophosphates and synthetic pyrethroids) are being used in India (Tamang et al., 1988) . About 40% of these are organochlorates (such as endosulfan, dicofol, aldrin, dieldrin, lindane, isodrin, heptachlor) . Another 30% belong to organophosphates. Malathion, monocrotophos, phosphamidon, ethion are some of highly hazardous chemicals belonging to this class that are continuously and indiscriminately used. While DDT, HCH, aldrin, and endosulfan were banned in the United States and many other countries as early as 1970s, they are still used in India. These pesticides continue to flow into the market despite government restrictions. The small farmers prefer many of these chemicals because they are cost effective, are easily available, and display a wide spectrum of bioactivity.
Chickens are especially vulnerable to pesticide toxicity because poultry houses and birds are dusted with pesticides. The sweepings and screenings from government depots that are sold as poultry feed, after being declared as unfit for human consumption, may be contaminated with pesticides. Expo-sure of poultry to chemical pesticide causes health consequences to poultry culminating in great economic loss, while also posing a potential threat to public health due to the presence of pesticide residues in poultry meat.
Ample evidence exists to suggest that the use of pesticides on crops, in storehouses, in poultry houses plus the nonjudicious application for spraying animals or in dipping solutions to prevent ectoparasites leaves behind its residue causing serious health effects Kushwah, 1998, 2000) . Acute toxicities of pesticides are well documented, but little attention has been given to the chronic low dose effects of pesticides, especially as environmental pollutants. There are many facets of pesticides toxicity that remain unexplored and need immediate attention to safeguard the health of avian populations and also, thereby, public health. Chronic exposures to chemical stressors cause direct damage to immune system (Garg et al., unpublished data).
The skeletal system is a potential target of pesticide toxicity. Marked impairment in the development of the backbone of ducklings due to toxophane toxicity fed at 10-50 ppm of feed has been observed (Ludle et al., 1979) . It has been found that organophosphates inhibit differentiation of chondrogenic cells in culture (Matos et al., 1985) . However, there seems to be no literature available on the ill effects of commonly used pesticides of different classes on bone health. Thus, the present study investigated the impact of chronic toxicity of 3 pesticides upon the bone health of broiler birds. A representative pesticide from each of 3 categories still in common use was used in the study, i.e., endosulfan, monocrotophos, and fenvalerate. PESTICIDE TOXICITY AND BONE HEALTH OF CHICKENS 365 MATERIAL AND METHODS Experimental Chicks: A total of 120 broiler chicks (day old) were procured from local Swarnrekha hatcheries, Ranchi, India. All chicks were previously vaccinated against Marek's disease prior to delivery. At the start of the first day, chicks were given electrol in water. That afternoon, chicks received commercial starter mash.
Experimental Design: The chicks were wing banded and randomly and equally distributed into four equal groups of 30 chicks. The control group received feed without pesticide. The second group was given fenvelarate at 20 ppm in the feed. The third and fourth groups were given monocrotophos at 2 ppm, and endosulfan at 2 ppm, respectively. Toxicity protocols followed were as per the guidelines of our Institutional committee.
Housing: Twenty-four h prior to housing the chicks, a room was cleaned and fumigated with potassium permanganate and formalin (14 g potassium permanganate +20 ml formalin per m 3 ). Birds were housed in a deep litter system and a floor space of 2 ft 2 was provided to each chick. Each group had a separate marking with wire mesh inside the poultry shed. Thoroughly dried and disinfected chopped paddy straw was provided as a bedding material for chicks. The room temperature varied between 80 to 95 • F.
Preparation of Experimental Feed: For each group, separate feed for the duration of the experiment was prepared. Initial manual and thorough mixing of each pesticide was done with 100 g of feed, which was divided into several parts and each part was later sequentially diluted with an additional quantity of feed. Control chicks received starter mash without any pesticide. An earlier experiment (Tamang et al., 1988) carried out in our laboratory indicated 20-25 ppm as a minimum toxic dose (MTD) of monocrotophos and endosulfan in mice. One-tenth of this MTD was selected as the dose for chronic toxicity in chicks. The MTD of cypermethrin was found to be 200 ppm in mice (Tamang et al., 1988) and one-tenth of this dose was used for evaluating chronic toxicity of fenvalerate in chicks. Other criteria for selection of the dose of endosulfan and monocrotophos were our laboratory experience with toxicological investigation of malathion/organophosphate Kushwah, 1998, 2000) , endosulfan/chlorinated hydrocarbon (Pushpanjali et al., 1999; Pushpanjali et al., unpublished data) , and available literature (Smith, 1993; Singh et al., 2001) . The feeding of diets with pesticides was continued for a period of 2 months.
Feeding and Weighing: All the chicks were maintained on the same commercial starter chick mash (Gold Mohor, manufactured by Lipton India). The chicks were fed in the first week at 10 g per bird; from second week, ad libitum feeding was adopted. Clean tap water mixed with Vitablend-WM Fort at 10 ml/100 birds were given to the chicks in the first week of experiment; subsequently Groviplex (Vitamin plus mineral mixture) at 30 ml/100 birds replaced Vitablend. The birds of each group had separate feeding and watering trays. All chicks were weighed on the first day and wing banded. Thereafter body weight was recorded every 2 weeks.
Vaccination and Medication: All chicks were vaccinated against Marek's disease on the first day of hatching whereas F1 (Lasota) vaccination against Ranikhet disease was carried on the sixth day of age. All chicks were given Furasol at 0.5 g/l water for 5 days in the first week of experiment. Subsequently Bifuran (100 mg Nitrofurazone +14.5 Furazolidone) medication at 1 tablet/4 L of drinking water was used to prevent coccidiosis.
Clinical Pathology: For biochemical parameters, 6 chicks were selected at random from each group and blood was collected from wing vein after 2 months. Serum calcium (Trinder, 1960) , serum phosphorous (Gomori, 1942) , alkaline phosphatase (Kind and King, 1964) , and total protein (Weischelbaum, 1946) were estimated spectrophotometrically. Alkaline phosphatase activity was expressed in International units (IU/L) as suggested (Kaneko, 1989) .
Bone Health: For study of bone growth, roentogenography was done on the femur preserved in 10% buffered formalin when the birds were 8 weeks of age. One femur from 4 birds of each group was X-rayed on one plate with similar exposure and examined critically for any change.
Endochondral bone growth was assessed by histopathological examination. The costochondral junction of the eighth rib of all the birds collected was examined at the time of necropsy. Formalin preserved bone was decalcified by a formic acid and formalin mixture. Then, 5-µm sections were cut and stained with hematoxylin and eosin.
Tetracycline labeling of growing osteons was used to assess appositional bone growth. A single intravenous injection of oxytetracycline hydrochloride at 25 mg/kg body weight was given to each bird on day 56. Six birds from each group were injected with tetracycline and sacrificed 48 hours later. The femur from each bird was collected and preserved in 10% buffered formalin. Undecalcified bone sections were prepared as described by Frost (1958) . Sections were mounted in nonfluorescent D.P.X. and examined by fluorescent microscopy. For evaluation of bone growth, osteons showing localization of the golden yellow fluorescence of tetracycline were counted, along with nonfluorescent inactive osteons. At least 200 osteons were subjected to critical evaluation and counting for this purpose. Labeling of bone growth at other sites such as periosteal and endosteal surfaces could not be taken into account.
Analysis of variance and critical differences were calculated as per Snedecor and Cochran (1968) .
RESULTS

Body Weight and Blood Biochemistry
Data pertaining to the effects of different pesticides upon body weight and blood biochemical parameters of broiler chicks are summarized in Table 1 . The final body weight (g) at the end of experiment in control and treated groups did not differ significantly. Moreover, they were similar during all stages of the experiments (data not shown). Exposure of broiler chicks to pesticides caused significant ( p < 0.01) elevation in serum alkaline phosphatase. However, no significant changes in the levels of serum calcium and inorganic phosphorus were observed. hand, the bones of the monocrotophos group showed destructive changes at the upper part of the femur (Figure 1) . Endosulfan treated chicks had an increased number of trabeculae in the medullary cavity of one animal. However no periosteal reaction could be seen in any chick in any of the groups. Endochondral Bone Growth: The microscopic alterations of the costochondral junction in the pesticides administered broiler chicks were similar to each other. The zone of proliferating, maturing and degenerating cartilage cells was reduced in width compared with that of control birds (Figure 2) . The metaphysis in the treated birds showed a reduced amount of cartilage cells and the trabeculae were thinner than in the control group. The capillary scaffolding of the degenerating cartilage cells was also reduced in the pesticide-treated chicks. In some treated birds, a large number of transverse trabeculae were present in the metaphysis. The area of provisional calcification in the metaphysis was also reduced in amount compared to controls. The control broiler chicks showed an orderly sequence of endochondral bone formation and the width of proliferating, maturing, degenerating and calcifying cartilage cells was greater than in the pesticide-treated birds (Figure 3) . Histological examination of the costochondral junctions of pesticide-treated broiler chicks showed marked reduction in endochondral bone formation.
Appositional Bone Growth: The effect of different pesticides on the activity of osteonic cells in different experimental groups of broiler chicks as studied by tetracyclicline labeling technique is depicted in Table 2 and Figures 4 and 5. The mean number of active osteons was decreased ( p < 0.01) with concomitant increase in inactive osteons in all treated groups. The order of decreased osteone activity was: endosulfan > monocrotophos > fenvalerate > control. Thus, this semiquantitative estimation of bone growth plus results of the tetracycline labeling at the terminal stages of pesticide administration clearly indicated that appositional bone growth was significantly reduced. DISCUSSION The dose of fenvalerate when compared to other pesticides, although appearing high, was the same as the no ob- servable effect level (20 ppm) as used for studying regulation of macrophage functions in broilers during chronic toxicity with fenvalerate contaminated feed (Singh et al., 2001) . The subacute toxicity study (Majumdar et al., 1994) of fenvalerate in broiler chicks with single oral dose of 525.6 mg/kg for 28 days suggested comparative resistance of fowl to fenvalerate (synthetic pyrethroid) toxicity.
All birds appeared healthy, as body weights were not different. Some important blood constituents serve as a valuable index to reflect the general health of the birds. Despite similar body weight, under the impact of pesticide administration as well as altered physiological status, changes in concentration of blood metabolites related to bone health may be expected. Varshney et al. (1988) reported reduced body weight gain in cockerels treated with endosulfan. The level of serum calcium and inorganic phosphorus did not change as a result administration of pesticides during 60 days of study.
Alkaline phosphatase catalyzes several reaction in the body and is involved in the active transport of phosphate, synthesis of proteins, and DNA turnover in the nucleus. It is also involved in hydrolysis of esters of phosphoric acids and phosphate fixation in the tissue and bones during development (Biogin et al., 1981) . In the present study, elevated serum alkaline phosphatase was seen. The findings are in agreement with Tamang et al. (1988) . Elevated levels of this enzyme are associated with an increase in osteoblastic activity and damage to liver (Falconer and King, 1970) . There was no indication of excess osteoblastic activity at the costochondral junction or at lamellar surfaces. Therefore, elevation of serum alkaline phosphatase in the present study might be due to an hepatotoxic effect of pesticide treatment.
The histological examination of costochondral junctions of pesticide-treated broiler chicks indicated marked reduction in endochondral bone formation. Meneely and Wyttenbach (1989) reported severe shortening and contortion of body vertebral axis as well as tibiotarsal, rib, and sternum defects in embryos of bobwhite quail injected with diazinon and parathion (organophosphate) insecticide during 72 hours of incubation. Misawa et al. (1982) also reported inhibited growth of femur, tibia, metatarsals, and digits in chicks (9 days age) injected with OP (dicrotophos). 368 GARG ET AL.
TOXICOLOGIC PATHOLOGY Semiquantitative estimation of bone growth with the help of tetracycline labeling at the terminal stages of pesticide administration clearly indicated that appositional bone growth was significantly reduced. Fluorochromes have been used by others to study bone pathophysiology in chicks (Hudson et al., 1993) . Stuart and Smith (1992) opined that parenteral tetracycline might yield better results over per os or per crop tube administration. In this study, the birds were injected intravenously. Thus, our results are precise indicators of effect of pesticides on bone health of broiler chicks.
Bone growth is a 2-step process. The first step is the synthesis of bone matrix by the osteoblasts. The bone matrix remains unmineralized for some days and thereafter calcification takes place (Frost, 1964) . Decrease in the rate of appositional bone growth in the pesticides treated chicks could be due to reduced synthesis of matrix or defective calcification. Muller and Lockman (1973) pointed out that dieldrin feeding to young growing chicks over long periods did not have any adverse effect on tibial calcification. Decrease in eggshell thickness in poultry due to DDT toxicity has been related to alteration in surface glandular epithelium (Kolaja and Hinton, 1978) . The unchanged levels of serum calcium and inorganic phosphorus and elevated level of serum alkaline phosphatase activity due to the pesticides administration (Table 1) , clearly suggest that poor appositional osteogenesis is unlikely to be due to defective mineralization. Ludle et al. (1979) reported impairment in the backbone of ducklings due to toxophophane toxicity that was fed at a dose rate of 10-50 µg/g of feed. They further obtained decrease in collagen and increase in calcium content of bone. Matos et al. (1985) noted that malathion caused partial inhibition of chondrogenic cell differentiation. Singh and Jha (1982) observed marked reduction in endochondral and appositional bone growth of chronically intoxicated goats. Manciulea and Giurgea (1975) opined that exposure to heptachlor (an organochlorine) caused reduction of RNA after 8 hours and DNA after 4 hours in treated chicks. The osteoblasts and osteoclasts are derived from common progenitor pluripotent mesenchymal cells. The pluripotent mesenchymal cells undergo mitosis and the daughter cells differentiate to become osteoblasts and osteoclasts. Cells undergoing mitosis must synthesize DNA in proper amount. Reduction in DNA synthesis may lead to low recovery of cells undergoing mitosis. This may be true with osteoblasts also. Bone matrix is synthesized in the rough endoplasmic reticulum of osteoblast (Cooper et al., 1966) and disorganization of endoplasmic reticulum in DDT intoxicated chicken has been noticed (Reyes and Moore, 1979) . Proliferation of agranular endoplasmic reticulum with concomitant vesiculation of rough endoplasmic reticulum of liver cells due to DDT in chicks has been reported (Svendson, 1973) . Tayyaba et al. (1981) reported that metasystox (an organophosphate) decreased the level of RNA in the cerebrum and protein in the cerebellum and spinal cord. It may be pointed out here that pesticide treatment caused significant reduction in total serum protein in the broiler chicks (Table 1) . Thus it is possible that the rough endoplasmic reticulum of osteoblasts is adversely altered due to low dose feeding of different pesticides in broiler chicks causing lower synthesis of bone matrix and diminished appositional bone growth.
There are several other possible explanations for decreased bone growth. One of the major reasons for reduction in endochondral bone formation may be direct or indirect interference with the hormones regulating bone metabolism. Pesticides also have endocrine disrupting activity. This modulatory activity of organochlorate (endosulfan) for estrogen receptor (anti-estrogenic; Soto et al., 1994) and organophosphate (fenitrothion) for androgen receptor (Tamura et al., 2003) has been well-documented. There are many compounds with bone specific estrogenic activity that inhibit resorption of calcium (Hall et al., 1995) .
Reduced mineral bone density after exposures to DDT (Beard et al., 2000) and reduced bone formation after exposure to organophosphates (Compston et al., 1999) has been reported. The major physiological effect of estrogen is to block activation of the bone osteoblast, which has estrogen receptors. Estrogens inhibit synthesis of interleukins (IL) by the osteoblast. These interleukins are potent stimulators of bone resorption. Estrogen also blocks IL-6 action by inhibition of its receptor. Growth hormone, thyroid hormones and glucocorticoids also have role in bone metabolism. Growth hormone alone or in association with thyroid hormone can exert considerable influence on normal endochondral bone growth. Administration of growth hormone and thyroid hormone caused increase in the width of resting, proliferating, maturing, and degenerating cartilage cells in the epiphysis (Asling et al., 1968) . In contrast, glucocorticoids can retard and adversely affect the endochondral bone growth due to its primary effect on cell division (Gilman et al., 1980) . It has been further suggested by Jefferies et al. (1971) that DDT caused hyperthyroidism at low dose rates and hypothyroidism at high dose rate in pigeons. Thus, the bone growth retardation in pesticide-treated broiler chicks may be influenced by disturbances in synthesis and secretion of growth hormone, thyroid hormone and glucocorticoids, which requires further exploration and confirmation.
